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BONE RESECTION DEVICE 

The present invention relates to a surgical instrument for the controlled removal of bone 
during joint replacement surgery. 

Such instruments are commonly referred to as reamers or millers. Conventionally 
available instruments generate a resected surfiice which is of fixed shape (for example 
circular), dependent upon the particular instrument used. However, sometimes it is 
necessary to cut more complex shapes, and attempts have been made to provide 
instrumentation capable of this. 

WO-01/34040 discloses a bone resection device which comprises a rotatable shaft having 
two blades pivotally mounted on it so that they can rotate with the shaft. A blade 
positioning mechanism is moxmted on the device to eltet the orientation of the cutting 
edges of the blades relative to the shaft so that the shape of the resected surface is 
determined in part by the blade positioning mechanism. 

The blade positioning mechanism comprises a cam surface and a cam follower assembly 
which controls the pivotal position of the blades according to movement of the cam 
follower over the cam surface during rotation of the shaft. The cam surface and cam 
follower are located at the distal end of the shaft where the blades are mounted on the shaft. 
This makes the disclosed device bulky at its distal end. 

The present invention provides a bone resection device which includes device for 
controlling the pivotal position of tiie cutting tool, the control device extending along the 
shaft and being movable relative to tihe shaft along the axis defined by the shaft, and 
engaging the cutting tool at or about its distal end. 

Accordingly, in a first aspect, the present invention provides a bone resection device for 
use in resection of bone during joint replacement surgery, the device comprising: 
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a. an elongate shaft, 

b. a cutting tool housing which is fastened to the shaft, 

c. at least one cutting tool which is fastened to the housing so that it can be 
moved reversibly between a retracted position and an extended position, in which 
it extends further from the housing in the extended position than in the retracted 
position, 

d. a device for controlling the position of the cutting tool relative to the 
housing, the device extending along the shaft and being movable relative to the 
shaft along the axis defined by the shaft, the device engaging the cutting tool by 
means of a cam arrangement in which one of the control device and the cutting 
tool has an elongate cam track formed in it and the other has a reciprocating 
follower which can slide in the track, the track being non-parallel to the axis of the 
shaft, 

so that movement of the control device along the shaft causes relative movement of the pin 
within the slot, to cause the position of the cutting tool relative to the housing to change. 

The bone resection device of the invention has the advantage that the device for controlling 
the position of the cutting tool is movable relative to the shaft, along the axis defined by the 
shaft, so that the orientation of the cutting tool can be determined according to components 
(for example by means of a cam surface and cam follower) spaced apart from the housing 
at the end of the shaft, for example at or around the proximal end of the shaft. The ability 
of the control device to move axially relative to the shaft allows the configuration of the 
cutting tool to be controlled as desired. In this way, the connection between the control 
device and the cutting tool can be kept simple, allowing it to be kept small. 

The control device'can have the form of a sleeve within which the shaft can rotate. The 
sleeve can have side walls which are open, at least partially. The control device will 
generally rotate with the housing and the shaft- 
Preferably, there are at least two cutting tools m the housing. Preferably, the or each 
cutting tool is fastened to the housing pivotally so that it can be moved pivotally between 



retracted and extended positions. It will often be preferred for two cutting tools to be 
fastened to the housing in opposed manner such that when one of the cutting tools is 
caused to pivot in one direction the other cutting tool is caused to pivot to the same degree 
in the opposite direction. When the connection between the pivot control device and the 
cutting tools is provided by elongate cam tracks on the cutting tools and a cam follower on 
the control device, the relative motion between the cutting tools can be controlled by 
appropriate design of the shape of the cam tracks. When it is desired for the cutting tools 
to move in equal and opposite amounts, the cam tracks can be approximately the same 
shape. However, it can be preferred for some applications for movement of flie cutting 
tools to be other than equal and opposite. In this case, this can be arranged by use of 
appropriately shaped cam tracks. For example, the cam track for one of the cutting tools 
can be inclined to the axis of the device and that cutting tool will then move between 
extended and retracted positions. The cam track on the other cutting tool can extend 
parallel to the axis of the device, and as a result, that cutting tool will not move pivotally. 

The cutting tools can be arranged to slide in the housing instead of pivoting. Sliding 
movement of the cutting tools can be controlled by means of a cam track and cam follower 
arrangement, for example comprising a slot which defines a cam track, and a pin which 
slides in the track. For example, each blade might have a slot formed in it, and the slide 
control device can include a pin which reciprocates along the axis of the shaft, causing the 
cutting tools to reciprocate slidingly, in a direction which might be perpendicular to the 
axis of the shaft. Alternatively, the slide control device can have a slot in it, and each of 
the cutting tools can have a pin which sUdes in the slot as the tools reciprocate slidingly. 

The device of the invention will generally include a handle with a bore extending tihorough it 
in which the shaft is mounted for rotation relative to the handle. The shaft can include a 
connector formation by which it can be connected to a drive unit for imparting rotational 
movement to the shaft. For example, the shaft can have a boss, especially with a non- 
ciicvilar (for example a hexagonal) cross-section for fitting into a hexagonal socket on a 
rotational drive unit. Alternatively, the shaft can have a socket with a non-circular bore, for 
receiving a correspondingly shaped boss on a drive unit. 



-4- 

Movement of the control device relative to the shaft can be controlled by means of a cam 
surface extending in a plane generally perpendicular to the axis defined by the shaft and a 
cam follower. One of the cam surface and the follower can be fixed relative to the handle, 
and the other can then be fixed relative to the control device. Relative rotational movement 
between the control device and the handle can then the follower to move over the cam 
surface, causing relative axial movement between the control device and the shaft. 

Preferably, the cam surface is provided on the control device. For example, a groove can 
be formed in the control device, facing radially outwardly. The groove can receive a cam 
follower in the form of one or more pins, each of which is fixed to the inside of the 
housing. 

The shape of the surface which is formed in a bone by the cutting tool(s) is determined by 
the axial movement of the control device as the shaft rotates. When the axial position of 
the control device is determined using a cam surface and associated cam follower, the 
shape of the resected bone surface can be determined by the shape of the cam surface. It 
will generally be preferred for the cam surface to have a symmetrical configuration about 
the axis defined by flie shaft. 

It can be preferred for some applications for the device of the invention to create a resected 
area on the bone surface which is non-circular. The reversible motion of the cutting tools 
as the shaft of the device rotates can cause the radial extent of the cutting surface to vary. 
In this way, the shape of the resected area on the bone surface can be made non-circular, 
for example oval, or ovoid (roxmded ends and relatively straight sides). 

Preferably, the device includes a locking mechanism to lock the shaft and the control 
device in a reference position, firom which they are made to move axially relative to one 
another when the shaft is rotated. For example, when the axial movement of the control 
device is determined with reference to the handle, the locking mechanism can lock the 
shaft axially relative to the handle. Preferably, the locking mechanism can be adjusted to 
provide different reference positions of the shaft relative to the control device, especially 
relative to the handle. 



A preferred locking mechanism comprises a lock ring which fits into a groove on the shaft 
so that the shaft passes through the lock ring and can rotate relative to the lock ring. 
However, the axially facing ends of the lock ring prevent relative axial movement between 
the shaft and the lock ring. The lock ring can engage the handle, for example using an 
external screw thread which engages an internally threaded bore in the handle. Movement 
of the lock ring relative to the handle, by means of the thread on the lock ring, causes the 
shaft to move axially relative to the handle. The locking mechanism can include a spacer 
(for example in the form of a spacer ring which has an open side to enable it to be slid over 
the shaft) which can fit between the lock ring and the end wall of the handle, to control the 
axial position of the shaft relative to the handle when the lock ring is screwed tightly into 
the handle. Preferably, the device includes a plurality of spacers with a range of widths, to 
define different reference positions for the shaft relative to the control device. 

Preferably, the or each cutting tool is generally elongate in shape, with a cutting edge 
towards one end and the elongate cam track or reciprocating follower for engaging the 
control device at its opposite other end. It will generally be preferred for the cutting edge 
to face directly away fi:om the end which engages the control device. The shape of the 
cuttmg edge will depend on factors such as the nature of the cutting action (for example as 
might be performed by a blade, a rasp, a reamer or a grater), and the desired shape of the 
resected surface. When the resected surface has the shape of a generally rounded recess, 
the cutting edges will preferably be rounded. 

Preferably, the cutting tools are removable firom the device, and the device includes at least 
one other interchangeable cutting tool. This can enable the device to be used to create bone 
resection surfaces with desired configurations by selection of an appropriate cutting tool. 
Examples of tools which can be incorporated into the device include blades, reamers, 
graters and rasps. The device can include any of the tools of these general kinds. It can 
include more than one blade (or other tool), the blades (or other tools) differing firom one 
another in terms of the configuration of the resected surface they define, for example by 
virtue of having dijBferent shapes or sizes. The cutting tool can also differ in terms of the 
shape of an elongate cam track by which it engages the control device. If the cam surface 
is provided on a component of the device which can be removed, a replacement component 



can provide a cam surface which can be used to generate a different shape of resected bone 
surface. 

Preferably, the device includes a protruding boss at its distal end which is aligned with the 
shaft and provided on the end which is remove fix>m the shaft The boss can be provided 
on the distal end of the housing. Preferably, the boss mcludes a joumaled cap or sleeve 
which can engage the bone and remain stationary relative to the bone as the shaft and the 
housing rotate when the device of the invention is in use. 

The device can include location means for controlling its location during use relative to the 
patienf s tissue. The location means can rely on reference points provided on the patient's 
tissue or on the operating table. 

The device can be powered or hand-operated, or both. The device can include a handle 
which can be arranged in line with the shaft or at an angle thereto. 

The device of the invention can be used to prepare a patient's bone to receive a component 
of a prosthetic joint. Bcamples of bones which can be prepared in this way include the 
tibia during implantation of a knee joint, the glenoid during implantation of a shoulder 
joint, the talus during implantation of an ankle joint, and the acetabulum during 
implantation of a hip joint. 

Embodiments of the present invention will now be described, by way of example only, 
with reference to the accompanying drawings, in which: 

Figure 1 A is a side view of the device of the present invention. 
Figure IB is a view from above of the device of the present invention. 
Figure 2 is a view from above of the shaft component of the device shown in 
Figure 1. 

Figure 3 is a view from above of the control device component of the device 
shown in Figure 1. 



Figures 4 and 5 are views from above of cutting blades for use in the device 
shown in Figure 1. 

Figures 6a and 6b are side views, partially in section, showing a resection device 
in which cutting tools slide reversibly between retracted and extended positions. 
Figure 7 is a side view of the resection device shown in Figures 6a and 6b, along 
an axis which is perpendicular to the axis fox the side views in Figures 6a and 6b. 

Figure 1 shows a bone resection device for use in a resection of bone during joint 
replacement surgery. The device comprises an elongate shaft 2 which has a blade housing 
4 at its distal end. The blade housing has two blades 6, 8 fastened to it, each of the blades 
being capable of pivotal movenaent between a retracted position and an extended position. 
Each blade extends further from the housing when in its extended position than when in its 
retracted position. As shown in Figure 1 A, the lower blade 8 is almost fully retracted 
within the housing. The upper blade 6 is partially extended from the housing. The blades 
pivot around a pivot pin 1 0 which is received within a through bore 1 1 in the housing. As 
can be seen in Figure 2, the blade housing has an elongate slot in which the blades 6, 8 are 
housed and can slide. 

The bone resection device of the invention includes a device 12 for controlling tiie pivotal 
positions of the blades 6, 8 relative to the housing 4. The pivot control device takes the 
form of a sleeve which has a hollow bore in which the shaft 2 is received. The sleeve has 
openings 14 in its side wall. ^ 

At its distal end, the pivot control device 12 has two parallel arms 16. A pin 18 extends 
between the arms 16, through aligned bores 20 in the arms. 

Blades 6, 8.for use in the device shown in Figure 1 are shown in Figures 4 and 5 
respectively, Each of the blades is formed from a sheet of a suitable material, generally 
metallic, especially a stainless steel as commonly vised for surgical instruments. It can be 
preferred for some applications for a metal blade to be coated with a low friction polymer 
such as polytetrafluoroethylene. Each of the blades has a cutting edge 30 at one end. Each 
blade has a hole 32 extending through it to receive the pin 1 0 about which it pivots. At the 



-8- 



end opposite to the cutting edge 30, each blade has a slot 34 formed in it In the blade 
shovm in Figure 5, the slot is generally aligned with the axis of the blade. In the blade 
shown in Figure 4» the slot is arranged at an angle to the axis, and is slightly curved. 

Referring now to Figures 1 A and IB, the blades 6, 8 are located within the blade housing 4. 
The pivot control device 12 is arranged so that it slides on the shaft 2. The pin 1 8 which 
extends between the arms 16 of the pivot control device 12 extends tibrough a slot 22 in the 
blade housing 4, and through the slots 34 in the blades 6, 8 within the housing. Axial 
movement of the pivot control device 12 relative to the shaft 2, the blade housing 4, and 
the blades 6 , 8 causes the pin 1 8 to slide in the manner of a cam follower witibin the slots 
34 in the blades 6, 8, the slots defining an elongate cam track. The straight slot in the blade 
8 (see Figure 5) means that movement of the pin 1 8 within the said slot does not give rise 
to any pivotal movement of the blade 8. In contrast, the arrangement of the slot 34 in the 
blade 6, inclined to the axis of the blade and slightly curved, causes the blade to move 
pivotally around the hole 32 as the pivot control device 12 and associated pin 1 8 moves 
relative to the shaft 2 and blade housing 4. The area of the bone arotind the axis of the 
device is covered effectively by the blade with the straight slot, even when the blade with 
the curved slot has moved outwardly to a significant degree to cover radially spaced 
regions of the bone. 

The movements of the shaft 2 and the blade control device 12 during use of the device is 
controlled from the proximal end of the device. At this end, the device includes a handle 
40 which includes a grip portion 42 and a guide portion 44. The guide portion has a bore 
extending through it The shaft 2 extends through the guide portion 44 of the handle 40 so 
that it can be engaged at the shaft proximal end 46 by a drive unit, such as an electrically 
powered drive unit This can engage the shaft using appropriate connectors, such as 
hexagonal boss fitting into a hexagonal socket Rotational motion imparted to the shaft at 
the proximal end 46 is transmitted through the guide portion 44 of the handle 40 to the 
blade housing 4 and associated blades 6, 8. 

The pivot control member 12 rotates relative to the handle 40 with the shaft 2. The pivot 
control member is made to move in a reciprocating fashion on the shaft 2, Movement of 



the pivot control member 12 is controlled by means of a cam track 50 on the pivot control 
member. The cam track is arranged generally on a plane which is perpendiciilar to the axis 
defined by the shaft 2, but is non-planar (as can be seen in Figiire 3). Two pins 52 protrude 
from the internal wall of the guide portion 44 of the handle 40 and extend into the cam 
track 50 on the pivot control member 12. One of the pins 52 can be seen in Figure 1 A. . 
The other pin is diametrically opposite to the pin which is shown. Accordingly, as 
rotational motion is imparted to the shaft 2 (as described above), the pivot control member 
is made to rotate at the same time. Movement of the guide pins 52 witiiin the cam track 50 
causes the pivot control memb^ then to move in a reciprocating fashion axially along the 
shaft 2. As described above, this causes the blade 6 within the blade housing 4 to move in 
and out of the blade housing, between the extended and retracted positions. 

The relative axial positions of the shaft and the pivot control member, from which the pivot 
control member is made to move by means of the cam track 50 and following pins 52, is 
controlled by means of a threaded lock ring 60 acting against an end plug 62 on the shaft 2. 
The lock ring 60 is threaded at one end, and is received in a threaded bore in the guide 
portion 44 of the handle 40. A spacer ring 64 (which is open at one side 66 to enable it to 
be slid over the shaft) can be located between the lock ring 60 and the guide portion 44 of 
the housing. The lock rick 60 can then be screwed up tight into the guide portion of the 
handle, against the spacer ring 64. The lock ring then defines the axial position of the 
shaft 2 relative to the guide portion of the handle, and thereby also to the pivot control 
device 12. In this way, the location of the blades in the blade housing in their retracted and 
extende4 positions are defined. Different spacer rings 64 can be used to define different 
extended and retracted positions for the blades. 

The device of the invention includes a protruding boss 70 at the distal end of the blade 
housing 4. The boss includes a joumaled cap 72. The boss can be received within a pre- 
drilled hole in a patient's bone to define the working position of the device of the invention. 

The device of the invention can be used to form a non-circular recess in a patient's bone. 
The device shown in the drawings can be used to ream a patient's bone to form a curved 
recess. The recess, when viewed from above, will be non-circular by virtue of the feet tiiat 
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the blade 6 is made to move between extended and retracted positions as the blade housing 
4 rotates with the shaft 2. The shape of the resultmg recess will be generally oval or ovoid. 

Figures 6a and 6b show the head portion of a bone resection device, which comprises an 
elongate shaft 102 with a blade housing 104 at its distal end. The blade housing has two 
blades 106, 108 fastened to it, each of tiie blades being capable of sliding movement 
between a retracted position (as shown in Figure 6a) and an extended position (as shown in 
Figure 6b). 

The bone resection device of the invention includes a device for controlling the pivotal 
positions of the blades 106, 108 relative to tiie housing 104, similarly to the device shown 
in Figure 1 . The pivot control device takes the form of a sleeve which has a hollow bore in 
which the shaft 102 is received. At its distal end, the pivot control device has two parallel 
arms with aligned bores, and a pin 118 extends between tiie arms through bores. Axial 
movement of the sleeve relative to the shaft 102 causes the pin 1 18 to move axially relative 
to the housing 104. 

As shown in Figure 7, each of the blades 106, 108 is held in the hoxising between two 
cheek plates 120 which are fixed in the housing. The blades can slide between the cheek 
plates, each of the blades having a rib 122 in its side wall, and each of the cheek plates 
having grooves 124 in which the ribs can slide. The rib and groove arrangement defines 
the sliding path for the blades relative to the housing. The sliding path can be straight, or 
non-straight, for example curved. Each of the blades has a slot 126, 128 in it wiiich is 
arranged at an angle to the axis of the shaft 102. Movement of the pin 1 1 8 relative to the 
housing, within the slots 126, 128 in the blades causes the blades to be displaced along 
their respective sliding paths. Figure 6a shows the blades at or towards theu: retracted 
position and Figure 6b shows tiie blades at or towards their extended position. 

The instrument of the invention will be made largely from metallic materials which are 
used commonly for surgical instruments. Certain staiiiless steels will generally be 
preferred. 



CLAIMS: 



1 . A bone resection device for use in resection of bone during joint replacement 
surgery, the device comprising: 

a. an elongate shaft, 

b. a cutting tool housing which is &stened to the shaft, 

c. at least one cutting tool which is fastened to the housing so that it can be 
moved reversibly between a retracted position and an extended position, in which 
it extends further from the housing in the extended position than in tiie retracted 
position, 

d. a device for controlling the position of the cutting tool relative to the 
housing, the device extending along the shaft and being movable relative to the 
shaft along the axis defined by the shaft, the device engaging the cutting tool by 
means of a cam arrangement in which one of the control device and &e cutting 
tool has an elongate cam track formed in it and the other has a reciprocating 
follower which can slide in flie track, the track bemg non-parallel to the axis of the 
shaft, 

so that movement of the control device along the shaft causes relative movement of the pin 
within the slot, to cause the position of the cutting tool relative to the housing to change. 

2. A device as claimed in claim 1, in which there are at least two cutting tools in the 
housing. 

3. A device as claimed in claim 2, in which each of the said cutting tools is fastened 
to the housing pivotally so that it can be moved pivotally between retracted and extended 
positions. 

4. A device as claimed in claim 2, in which the cutting tools are fastened to the 
housing in opposed manner such that when one of the cutting tools is caused to move in 
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one direction the other cutting tool is caused to move to about the same degree in the 
opposite direction. 

5. A device as claimed in claim 1 , which includes a handle with a bore extending 
through it in which the shaft is mounted for rotation. 

6. A device as claimed in claim 5, in which the movement of the control device 
relative to the shaft is controlled by means of a cam surface extending in a plane generally 
perpendicular to the axis defined by the shaft and a cam follower, in which one of the cam 
surface and the follower is fixed relative to the handle, and the other is fixed relative to the 
control device, relative rotational movement between tiie control device and the handle 
causing the follower to move over the cam surface, and causing relative axial movement 
between the control device and the shaft. 

7. A device as claimed in claim 6, in which the cam surface is provided on the 
control device and the cam follower is fixed relative to the shaft. 

8. A device as claimed in claim 6, in which the cam surface is provided on a 
removable part of the device, 

9. A device as claimed in claim 5, which includes a locking mechanism for locking 
the axial position of the shaft relative to the handle. 

10. A device as claimed in claim 9, in which the locking mechanism can be adjusted 
to provide different locked axial positions of the shaft relative to the handle. 

11. A device as claimed in claim 9, in which the shaft includes a threaded portion, and 
in which the locking mechanism comprises a locking ring which can fit on to the threaded 
portion of the shaft. 
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12. A device as claimed in claim 1 1 » in which the locking mechanism comprises a 
spacer ring which can be fitted between the locking ring and the handle to determine the 
axial position of the shaft relative to the handle. 

13. A device as claimed in claim 1, in which the shaft includes a connector formation 
by which it can be connected to a drive unit for imparting rotational movement to the shaft. 

14. A device as claimed in claim 1, in which the cutting tool is generally elongate in 
shape, with a cutting edge towards one end and the elongate cam track or reciprocating 
follower for engaging the control device at its opposite other end. 

15. A device as claimed in claim 1, which includes a protruding boss which is aligned 
with the shaft and provided on the end which is remove from the shaft. 
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